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1_7
SECTION 13

VERIFICATION OF THE INFINITE IMPULSL RESPONSE FILTERS IN REAL-TIME

Two sets of data are presented here. Neither of them show the expected

results, presumnably because of the fixed time delay going through the filter.

Figure 13-1 shows the amplitude and phase portions of the transfer func-

tions for the lowpass Butterworth filter. The magnitude portion of the trans-

fer function is similar to that produced by the Burroughq 6700, but the phase

portion of the transfer function does not agree at all. It resembles what

might be expected from a lowpass analog filter.

Figures 13-2 and 13-3 show the results for the bandpass Chebychev filter.

Here again, the results were different from what we expected after studying

the Burroughs 6700 plots. Hopefully longer tests will verify the Burroughs

6700 results.
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Perhaps the most interesting of the IIR filters tested was a 0.015-0.045

S Iz notch filter. Figure 13-4 shows the notch found in the overnight test. The

otch did not appear in the short test in Figure 13-5.

The results shown in Figures 13-6 and 13-7 are remarkable. This was a

long overnight test of the same 0.015 - 0.045 Hz fIR notch filter. The linear

phase lead was the result of the Biomation anti-aliasing filter being used in

a passive mode (bf). The lead is real. What is perhaps even more remarkable,

although the data is not presented here, is that when the input and output

!filters were reversed, the result was a flat transfer function with a slight

amount of lag, but not nearly so much lead as is shown in Figure 13-6. This

Shows that digital and passive analog filters may be used together to achieve

nremarkable (linear phase lead!) results. It also shows the nonlinear effects

of using the two types of filters together. They obviously do not commute.

I
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Optical slip rings are totally compatible with the modern laboratory

trends toward digitizing the data as close to the source as possible and using

automated mini-computer data acquisition systems.

The microprocessor based digital filter work for isopad seismic vibration

control is summarized in this report.

I'I
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SECTION 14

SUMMARY OF ISOPAD DIGITAL FILTER WORK FOR ISOPAD CONTROL

Using the four techniques as summarized below we were able to identify

various types of digital filters which show significant promise for isopad

control. These four techniques were:

1. Recursive digital filters analogous to common analog filters.

2. Variable time delay filters.

3. Finite Impulse Response Filters.

4. Infinite impulse response filters.

Of these four approaches the last was by far the most successful. These WereV0)

the filters designed using the MAC/FIL digital filter design software package

from Agbabian Associates. It is perhaps somewhat ironic because infinite iW-

pulse response filters have a reputation for having wildly fluctuating and quite

unpredictable phase transfer funcitons. I say reputation because very little

information is available either from the literature or from those familiar with

digital filters. It was found, though, that these digital filters had nice

ramps of phase lead which would be ideal for isopad control.

Reviewing the results of the other types of filters, the recursive digital

filters yielded results which were very similar as expected to the analog filters

of the same difference equations. Also as expected, they producted the pre-

dictable lag of the same magnitude as the corresponding analog filters. Ti'f!

was predicted and served to verify the digital filter execution programs, which

was the intended result of these programs. These filters also yielded valtiable

information relative to the highest speed that we could expect a digital filter

to be executed in real time using the pdpll/45 computer.

The "raw" digital filter execution program, which actually consists of the
FORTRA1N execution program configured to put out exactly the same value to the

Datel 256 as it reads from the LPS 11 in the fastest mainer possible with tit)

arithmetic manipulations or filtering, the IDAC.MAC, the assembly language
; Datel 256 driver, would run at about a 113 Hz sample rate. With a very slimple

digital filter, such as a simple recursive digital filter which only simrlu;t"'$

a sinple one-stage passive RC filter, the program runs at atouL 100 liz. This

sPeed is really not adequate for many applications for the isopad coutrolie'r.
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I In particular, since the frequency range of most interest for isopad control isthe range from I Hz to 20 Hz, this makes a very difficult situation, especially

when lead is required. Suppose at 20 Hz we have a minimum time delay between
sample in and control signal out of 10 milliseconds. This is an almost insur-

countable handicap when lead is desired. For this reason we were limited totest the filters usually at a maximum sample rate of I Hz. This was done with
the idea that, while the filter execution program could not be made more effi-
cient in the way the FORTRAN code was compiled to object code by the optimized
compiler by writing an assembly language program, perhaps the sampling could bef scheduled in such a way that required much less software overhead. The sampling
mode using the LPS software to schedule the samples was chosen because it offered
most accurate sample spacing. Sample spacing uniformity is absolutely critical
in digital filtering because any "jitter" can cause a very spurious frequency
response. But, the LPS software uses a large amount of processor time relative
to the time needed to execute the filter itself. The slowed sample rates were

advantageous in that tests could be run without interfering with the multi-useraspects of the pdpll/45 system, but they made the filters more or less useless
for real-time applications.jThe variable time delay filters were also found to be of little value.The predicted lead turned out to be variable magnitudes of lag because thedelay through the filter at reasonable control sampling frequencies was greater

than the variable delay effect of the filter. These filters proved to be useful
in producing all sorts of nonlinear sorts of lag filters of almost any rolloff
and phase plot shape required, but were of little use for the real-time appli-

cations.

The finite impulse response (FIR) filters proved to be very stable, and
the FIR filter coefficient synthesis program was successfully run on the pdp
11/45, which was never accomplished for reasons to be discussed with the IIR
filte: coefficient synthesis program. Suitable lead in real time was neverrealized with this class of filters. The phase response was smooth and linear
as expected, but in real time the result was always lag.

The most surprizing result of the FIR filter test program is that, like
the IIR filters, the FIR filters produced unexpected results when used in con-

Junction or series with analog filters. Even when an ordinary analog lowpassfilter was used the stairstep output to the Datel 256 digital to ana-
log converter channel with a one-pole filter, the phase was made more positive
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than without the filter and the phase roll-off was far more gradual. This was

true even when a 200 11z analog filter was used, which was far above the active

range of the filter. Even though lead was never achieved, this is one of the

several examples of the combination of analog and digital filters where an un-

expected results was obtained from the digital time series analysis.

The results of the infinite impulse response filters were perhaps the most

impressive.

The results of testing the infinite response (IIR) filters generated from

the MAC/FIL software package can be summarized very easily. The phase responses

obtained in the simulated runs were much better than could have been hoped for,

and the phase responses obtained in the real-time tests with the pdpll/45 con-

trol loop and the Time/Data fourier analyzer were very disappointing.

Even filters like a lowpass Butterworth filter, which would be naturally

sIable under all conditions showed lead. The lead-was not only positive with
respect to the 0 line, but actually had a positive slope over nearly two decades

of frequency. This of course gave us high hopes of building a real-time con-

troller, but because of delays through the processor or some unknown effect,

the phase was never realized in real-time.

Another very interesting IIR filter was the bandpass Chebychev. This fil-

ter would be useful in giving gain to a particular band remote from an isopad

resonance frequency. It gives nearly linear phase lead over nearly two decades

of frequency. Used in conjunction with analog filters, this filter gave much

promise, but again, its benefits were never realized in real time.

One of the filters which was of considerable interest because of the work

of Emil Broderson was the notch filter. Although the phase naturally exhibits

a sharp tran.ition near the notch frequency, the phase usually exhibits lead

before the amplitude falls off. Then, by using a sharp lowpass filter in con-

Junction with the filter, the lead can be utilized in a servo in a very bene-

ficial sense. This was true of the analog filter that Emil designed and built.

From the MAC/FIL simulation it appeared that this might be the case for the

digital filter as well. This was never realized in real time, except in one

'ase in which the two channels of the Biomation anti-aliasing filter were used

" passive filters in a special configuration described in the past chapter.



This result was unique and showed that it was possible to utilize analog

and digital filters together to get more lead than you would expect from either

of them, or even the sum of their leads, taken individually. In particular,

even when a digital filter with lead was used with a low pass analog filter

with lag, the lead of the digital filter could be enhanced if the cutoff fre-

quency of the analog filter was sufficiently above the Nyquist folding frequency

of the digital filter. While we never found an analytical explanation for this,

it was found to be very repeatable using the Time/Data fourier analyzer.

One of the frightening things that worried us at the onset of this project

was that experts warned us that in order to get lead from a digital filter, we

would probably have to use an infinite impulse response filter and that the

phase transfer function of this class of filters would probably have too many

wild fluctuations to be of any value whatsoever in a closed loop servo applica-

tion and could probably be used to advantage in a post-processor configuration.

This proved to be only half true. The infinite impulse response filters did

indeed prove to be the only class of filters we implemented that showed promising

phase characteristics. However, it is clearly not true that their phase trans-

fer function -lots show any wild fluctuations that would make them unsuitable

for closed-loop servo applications

a i i
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SECTION 15

THE MOST SIGNIFICANT TECHN,ICAL CONTRIBUTIONS

The major accomplishments of this work period can be briefly summarized

as follows:

1. The invention, design, development, construction of a prototype, and

testing of an electronic fiber optics communication system for bipolar

analog signals of data acquisition quality.

2. The invention, development, design, construction of a prototype

assembly, testing, and evaluation of a fiber optic slip ring.

3. The application of linear phase design techniques and finite impluse

response (FIR) discrete-time or digital filters to the isopad

stabilization problem.

The analog fiber optics communication system has several unique features.

Among these are very low parts count and compactness, and more importantly, a

novel encoding scheme. The encoding scheme utilizes a combination of pulse-

wi th-modulation (FWM) and voltage-to-frequency-to-voltage (V/F/V) conversion

to double the information transmittable through a fiber optic communication of

a specified pulse repetition rate. This is especially important in the case of

laser diodes since the pulse repetition rate is limited in most cases to

frequencies less than'the maximum repetition rates of commerically available

Voltage to frequency converters in integrated circuit form.

The high resolution fiber optics communications system (FOCS) uses the

Above techniques to reconstruct a +10 volt analog output signal from an identical

±10 volt analog input signal.

Data collected on a very general V/F/V system is presented to give the

4sIgner information on V/P/V system dynamics at frequencies much higher than

'OSe considered to be in the V/F/V's system's useful range for data acquisition

"'' communication purposes. This data shows that the V/F/V process may be
f;eful for servo loop applications dt much higher frequencies than it is for

acquisition and data communication applicationis.

The data on this system has proved to be of much interest and we have had

qr.:ber of requests for information from both military and civilian organiza-



tlons on how to determine the effective data rates on voltage-to-frequency-to-

voltage systems and how to compare the informational content of the pulses to

tho.;e of a digital analog-to-digital conversion and transmission system. The

o.Ip dynamics of this system are obviously complex and nearly impossible to

8 ,,.lyze using a purely mathematical approach. This is why our results have

proven to be so valuable. We apparently have the only actual data since we are

apparently the only group which has had access to a Fourier analyzer while

testing avoltage-to-frequency-to-voltage system. By using the digital time

series analysis techniques of this device (primarily correlation, coherence,

and transfer function analysis) we have some unique data on the performance of

this very popular class of devices.

Our work on optical slip rings has been very well received, partially

because. of the success of our prototype optical slip ring assembly and pa-.ticu-

larly because of the well known shortcomings of mechanical slip rings or

commutat6rs as they are sometimes called. The mechanical slip rings commonly

used to collect data from rotating t..;L fixtures suffer from such problems as

friction, backlash, continuity failures, wear-limited lifetime, noise, the need

for precious metals, and expensive and time-consuming preventive maintenance.

Vhls report discusses a multi-channel fiber optic slip ring assembly which
avoids these problems. The assembly is interfaced with digital systems and a

custom designed analog-in, analog-out high resolution fiber optics data

comunication system to provide the control and data acquisition functions

ditring automated tests of inertial guidance components. We also did research

and reported on design tradeoffs between multiplexing and providing additional

Optical channels for milti-channel operation and explored these alternatives

relative to currently available electronic, electro-optic, and optical
C0CIPonents .

The research and development effort on the mechanical slip rings shows

that optical slip rings are a practical alternative to mechanical slip rings

"N' offer cost and performance advantages for signal transmission using

--t'udard componets. Mechanical and electrical isolation are among the

.'- ntages to be gained. Mechanical and optical slip rings can comaplement one
',.,ther if mechanical slip rings are used for power transmission and optical

1 1' rings are used for signal transmission.
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SECTION 16

SU iMARY OF THE PUBLICATIONS

Three publications have resulted from our research in collaboration with

FJSRL personnel in the areas of analog fiber optics data communications and

the fiber optic slip rings. Two of them have been published and the third is

now pending publication. The two that have been published have generated

enthusiastic responses from both civilian and military agencies.

The references to these publicaions are as follows:

1. Grimes, G. J. and Stevens, D. R. "A High Resolution Analog Fiber

Optics Data Communications System," Proceedings of the SPIE,

Vol. 95, Modern Utilization of Infrared Technology II, 1976.

2. Grimes, G. J., Monaco, S. J., and Stevens, D. R. "Fiber Optic Slip

Rings for Totating Test Fixture Data Acquisition," Proceedings of
the 23rd International Instrumentation SyM.p2osiumjm , Instrumentation in

in the AerospaceIndu-tfZ, Proceedings of the ISA (Instrument

.Society. of Arerica), ol. 23, 1977. 1 /

3. Grimes, O. J. and Stevens, D. R. "A High Resolution Analog Fiber

Optics Data Communications System," to be published (accepted for

publication) in Optical Engineering, the technical journal of the

Society of Photo-Optical Instrumentation Engineers (SPIE).

II

I

II
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SECTION 17

SUMARY OF THE PATENT PROCEEDINGS ON THE FIBER OPTIC SLIP RINGS

Kappa Systems, Inc., is currently working with a law firm to file a

patent on the fiber optic Aip ring developed under this contract.

The search has been completed and there are no similar devices patented.

Also, the law firm has verified that the device is patentable. We are

cutrently working with Mr. Gene W. Stockman and Mr. Scott F. Partridge at the

following law firm:

Schuyler, Birch, Swindler, McKie and Beckett
One Thousand Connecticut Avenue
Washington, D.C. 20036

(202) 296-5500

I i

I
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APPENDIX A

SUMMARY OF SOFTWARE

Two major types of programs were used in this effort: the filter coeffi-

cient synthesis programs and the real-time filter execution programs. The

filter coefficient synthesis programs are large FORTRAN programs which calculate

filter coefficients for a filter given parameters such as the corner frequencies

and the weights for each band. The digital filter execution programs are small

FORTRAN programs which call an assembly language driver to handle the D/A output.

The filter coefficient synthesis programs used were of two types. These A

were:

1. AFiniteImpulse Response (FIR) filter synthesis program.

2. An infinite impulse response (IIR) filter synthesis program.

, The FIR synthesis program was taken from Theory and Applications of Digital

Signal Processing by Lawrence R. Rabiner, Prentice Hall, 1975. This program

w zs adjusted to run in an interactive mode in the 11/45. A listing of this

program is shown in Appendix D. i/
The fIR program used was one from the MAC/FIL software package. This

package was purchased in 1974 for DFEE (Dean of Faculty: Department of

Electrical Engineering) with about $5000 of FJSRL funds. This package con-

sists of three programs:

1. MAC/FIL: generaces coefficients for lowpass, highpass, bandpass,
and band-reject filters of many kinds, including Butterworth.
Chebychev types I and II, and elliptic..

2. NACIAPX: generates filter parameters from specified gain functions b
input to it. Thus, it can be employed to generate matched filters,
Weiner--Hopf filters, or any type of filter defined by its ampli-
tude which cannot be generated by MAC/FIL.

3. AC/SIM: simulates digital filters implemented in fixed point
arithmetic. Through its use many hardware design problems can
be answered without having to build special purpose devices.

The IIR filters reported on here were generated through the use of MAC/FIL.

program required numerous modif cations to run properly. Most of these ol

. lifications were performed by Airman Gary Lear of FJSRI and Capt. Perry Cole

tilt computer center.

* iii



The MAC/APX program was never successfully run. Extensive modifications

The MAC/SIM program was not needed since we could easily test the filter

response with the time/data fast fourier analyzer.

The MAC/FIL program was used exclusively on the Burroughs 6700 at the

Computer Center.

The MAC/FIL, MAC/APX, and AC/SIM programs are not reproduced in the

appendices since the copyright of the software might be violated by this pro-

cedure.

{The digital filter execution programs are very similar except for the
actual filtering part which calculates the output from the appropriate sum of

the products. The filter execution programs are all self contained except for
S the 1/0 drivers and haidlers. Although it would have been more convenient to

make the filter execution program be the same in all cases and merely call a

subroutine to execute a specific filter, the nonmodular approach was taken to

improve filter performance. The subroutine call was found to just add software

overhead and increase the time delay through the filter.

The filter execution program called INOUT, FTN simply puts the input value

to the DAC of the Datel 256 system with the absolute minimum time delay of the

filter. The filter acts as a simple passive lowpass filter for frequencies of

a sizeable fraction of the sample frequency. The program GOOD.FTN is a minor

modification of INOUT.FTN to run the digital equivalent of simple one-stage

passive RC filter in an interactive mode.

The programs which execute the variable time delay filters are very similar.
i An example is shown In Appendix E.

The programs which exectte the FIR filters include the examples BAD.FTN,

iBAND.FTN, NINE9.FTN, and DIFF32.FTN shown in Appendix F.

The IIR filter cxecution programs include the programs CASE8.FTN,

CASE8F.FTN, HONEYF.FTN, and BUTTER.FTN shown in Appendix G.

The assembly language driven IDAC.MA C is shown in Appendix II.

A list of all the programs included in the following appendices follows:



1. INOUT.FTN Program to test response of system with no filter.

2. COOD.FTN One-stage passive RC filter (interactive).

3. ASKFIR.FTN FIR coefficient synthesis program from Raginer and Gold.
Modified to run in an interactive mode on pdp 11/45.

4. BAD.FTN Linear phase FIR program, N = 9.

5. NINE9.FTN Linear phase FIR filter execution program, N 
= 9.

6. DIFF32.FTN Linear phase FIR differentiator, V = 32. Symmetrical
filter.

* 7. BAND.FTN Fast execution bandpass linear phase FIR filter execution
program, N = 32, (for N even, coefficients).

8. DELAYl3.FTN Variable time delay filter. Unity gains for all
I frequencies. Time delay is pregressively less for

higher frequencies. Interactive.

9. CASE8.FTN fIR filter execution program for 8 recursive and 9
non-recursive coefficients. N = 8. 0.015 lRz to
0.045 Hz bandpass. H's are nonsymmetrical; G's are
symmetrical.

10. CASE8F.FTN fIR execution program for N - 8.

I. HONEYF.FTN IIR filter execution program N = 5, nonsymmetrical
coefficients.

[ Z. BUTTER.FTN fIR filter execution program with coefficients for
lowpass Butterworth filter. N = 5. One nonrecursive
and four recursive weights.

13. IDAC.MAC The assembly driver for the Datel 256 system.

14. NOTC1I.FTN fIR execution program with 6 recursive and 7 nonrecursive

weights.

S.DATEL.FTN Program written by Capt. Lind to exercise Lhe Datel 256

system by writing a digital triangle wave to it.
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APPENDIX B

Program Listing: INOUT.FTN

This program tests the system response with no filtering done.

t 
1
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1!

i



rRTRFAN IV-PLUS V02-51 11:13:01 2-PPR-78 PAdE I

:; IUT. FTN /TR:BLOCKS/LJ.

DIMENSION I.LR"(6),IPATE(2).ISB(2)
,-02 COIMMION IRATE, IDATA,Y, FPEQ

C
1003 WRITE (5,80)
*!4 80 FORMAT('S ENTER LOW PASS CUTOFF FREQUEN .Y !N HERTZ ")

.jl?5 READ (5,81) FREO
,306 81 FORrT(F4.2)

C

C READ IN S rPLE PERIOD IN MILLISECONDS
00 WRITE (5,30)
11.108 38 FORMAT('$ENTER SAMPLE PERIOD IN MILLISECONDS')

0019 READ (5,31)IRATE(2)
ial 31 FORMAT (161

C INITIALIZE FILTER FOR SUBROUTrNE CUTOFF
1~1I Y-0.0

CI
C INITIALIZE LABORATORY PERIPHERAL SYSTEM

M1 I2 CALL ASLSLN (IISB)
C

C DESIGNATE OUTPUT DAC CHANIHEL FOR PPTEL 256
?013 ICHRN=0

C

C DESIGNATE REGISTER FOR LPSII FLAG SET
~0I4IEFNiu7

C
C SPECIFY TINE SETWIEEN SAMFILES IN MILLISE-ONDS
C IRATE(2)=50
C
C PUT LPSII RTS ROUTINE III MIILLISECO.:ID SqMFLING MODE

,,015 IRnTE(I)=2
C
C INITIATE SYNCHRONOUS SAPF-LIIIG

a916 90 CALL RIS(IBUF,6,OIRATE,.IEFIIO.I,ISB)

C
0017 INDX=5
6018 10 CALL W.JAITFR(IEFN)

'119 15 CALL [LREF(IEFI0
020 S IGNP= IBUF ( IDX)

C
C SCALE Ih VOLTS

C021 I DATA = I0000. t(S I GMA/204F. )- 100 0.
C
C CALL 1-ILTEP ROUTINE

0922 CALL CUIOFF

C .P'L LP?' I LFr DISPLPY -O'TINEC.C.23 PALL LED(ID" )

II

P



.'TRAN IV-PLUS V0' "-5I 11:13:01 28-APR-78 PAGE 2

U LT. FTN /TR:DLOCKS/J,

C CPLL ROUTINE TO OUTPUT RESULT TO DATEL 256
• J24 C CALL IDAC(IDm',A. ICHAN)

C

C AMD CLEAR HALF BUFFER FCR HEXT SAMPLE

0025 CALL ADJLPS(IBUFI)

C60"1 tDD×- I ND),+ I
C

C CHECK STATUS REGISTER FOR PROPER I/O
C AND TERMINATE IF STATUS NOT CORRECT

£027 IF (IIIDX.GT.6) INDX=5
8028 IF (ISE(2).GE.I) 60 TO 15
0029 IF (ISE(1).UE.U) GO TO 95
'030 GO TO 10
,031 95 COI1TINUE

C

C IF PROGRAI CRASHES PRINT STATUS ON WA ' OUT
L,132 WRITE (5,200;. ISE)(1),.,r,(,-), IDATA, IBUF(IHDrX)

200 FCRI1AT(4112)
e.034 E1D

R 7nGRAM' SECTIONS

NAME SIZE qTTRIBUTES

$M0IEI 000524 170 RUJ. I. CON. LCL
SPDATA 000020 8 RbbD,CO31, LL
$I" qlA 000222 ?3 RtJ,!.,Cell. LCL

0 ,,:R f" !)012 1 3 PiJ, D, CON, LCL

. o2$$, 000016 7 RW, D. 0".,',, GL

TOTAL SPACE ALLOCPTED 001036 ?71

* INOUT= I NOUT

I9



F1  APPENDIX CI

Program Listing: GOOD.FT

This is a simple digital filter which is the digital analogueIof a simple one-stage passive RC filter which runs on the pdp 11145
in an interactive mode.
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.I.

'.TRAN IV-PLU3 '102-51 11:10:38 28-APR-'8 PAgE I

GOOD. FTN /TR:BLOCKS/WR

cO DIMENSION IBUF(6). IRATE(2), ISB(2)
C
C THIS PPOGRAM SYNTHESIZES AND EXECUTES
C A FIRST ORDER RECURSIVE FILTER CORRESPONDING
C TO A ONE-STAGE PASSIVE RC FILTER
C
C THE ALGORITHM ON WHICH THIS FILTER IS BASED
C IS VALID ONLY WHEN THE TIME CONSTANT IS MUCH
C GREATEr' TXSHT THE PERIOD BETUEEI SAMPLES.
C THE TINE CONSTANT SHOULD BE AT LEAST THREE
C TIMES AS LARGE AS THE SAPt'!;E PERIOD
C
c

C002 WRITE(5.80)
80 FORIAT('$ ENTER LOW PASS CUTOFF FREOUENCY IN HERTZ-FLT.PT. ")

OZ..04 READ (5,81) FREO
C005 81 FORIAT(F4.2)

C R ;AD IN SAMPLE PERIO' :M MILLISECONDS

0806 tJP ITE (5.'30)
00u7 30 F0PtlT('$ ENTCR SAM-LE PERIOD IN MILLISECONDS-INTEGER 0) "
0008 READ f5,31) IRATE(2 )
OO19 31 FURIIAI (16)

c
C IINITIALIZE FILTER
C
C i

1O0 1 Y=0.0

C INITIPLIZE LABORATORY PERIPHERAL SYSTEM
CqLL ASLSLN (1,IS)

C
C DESIGNATE OUTPUT D:.C -' F02 PTEL 256

POI1C INAN=O

C DESIGIIATE REG I:E, FOR LPSII FLAS EET
0@13 IEFN=7

C
C
C PUT LPSII RTS ROUTINE IN MILLISECOND SAi'PLING MODE

CO14 IRATEI) =2

C CALCULATE RC THIE CONSTAI IN SECONDS

M 15 RCl =./(FREQf'6.22?)
C

C CALCUL, E SAMPLE lNTEV PL III SECONDS
C.) ]6 ST=FLOFT( IRA1E (2)) Q 20.

i'
I3
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FORTRno' IV-PLUS V/02-51 11:10:38 20-A ?R-70 PAGE 2
C 501D F TH /TR:BLOCKS/!?

C CALCULA.TE FILT7_! PArP117CTER
00 17 TCOII=ST/RC
eJi8 TCONC=1.-TCOI

C
C
C TEST TO SEE IF FILTER WILL BE STABLE;
C IF UNSTABLE PROGRAM WILL TEPRMINATE AllD PRINT 'UNSTABLE-
C SAMPLE RATE TOO) LOW FLIP TIME COrISTA1T'
C

6019 IF (TCOH1.GE.1) GO TO 301
MO2 GO TO 555
C021 301 WRITE(5,201)
0022 281 FORMAT(' lPJH;TALE-SA1PLE RATE TOO SLOW FOR TIMlE CO13TA4T')
1023 GO TO 19'5
e024 555 COirTINUE

C
C
C INITIATE SYNCrHROHOUS SAtIrLING

0025 90 CALL PT'q(IBUF,G,0,IRATEaIEF,O8I,%S)

C026 ItIDX=5
C02? 10 CALL LJPITFR(IEFH)
Z020 15 CALL CLPREF(IEFF1)
00279 S IGI iAi=I BUF ( I II X)

C
C SCALE IN1 VOLTS

C BEGIH FILTEP rOUiyrE

C
0031 Y=TCOflC*Y+TC0!!: I ll;TA
e032 ID~l-

C CALL. LPS11 LEI) DISPLnY ROUTINE
0033 CALL LED(ID~iTh)

C
C CALL ROUT114E TO OUTPUT HESLULT TO DAqTEL 256I 0034 CALL IDAC(lCHArl,tDqTA)
C
C ADJUST POI1NTERS ['OR LPS1I
C AN'D CLEAR HALF [3UFFEP FOR NE-T SAntPLE

C035 CALL ADJLPS(IE'JF,I)

C

C CHECK STATUS REGISTEP FOR PROPER 1/0l
C AND TERHINAlhTE !F STOTLIS HOT CORRECT

07 IF It1Ir,'>.GT.Gl IHDX='j
8 ~IF (IS8(:!)AE.I) G10 TO 10



39 IFn WRIE C5.ME.) GO TOS82) 95 TIi~cl4X

'4 95 CONTINULE

c IFORA SECT O GRNSCnHS RN TTS MU~

~ ~SIZE ATTRIBUTES

Oi~DE 1 000676 223 RtW 1.. CON -LCL
vsilfiA 000024 10 RWCDC0NSLCl-I

1,AiTA 000330 103 RU. p.CrJN.LCL
s:.',IS 000070 238 RU. D, CONl. LCL

ITLSPACE nl.LOCATED 
001342 M9
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APPENDIX D

Program Listing: ASKFIR.FTN

This is the FIR coefficient synthesis program from Rabiner and

Gold as modified to run in an interactive manner on the pdp 11/45.

I



C017- P: 12, ADDEVXY, GP I D,:cS ESLALPHA. iE-XT.NFCj*4SPNGRID

DI[~I~l~IEXT(66).PD(6E-) .8)Y6)RP4(

D~:.:*IONDES (1045).GP.I1)(1045), WTr 11045)ID*:F:!7Z?1 Et'GE(2.,- ,FXc IE9 .urX( IS-).DEVilATC 1S)

DUU-63LE PPECISION AD,ItEV2{.Y
P12=6. -331853.0717958S6
V~1=3. 1415092653439793
THIS PRO'.3PARM IS SET UP FOR A MAXlIMUM LENGTH OF 128, BUT
THIS UPPEP LIMIT CAN BE CHANGED BY REDVISIONING THE

c ARRAYS IEXT, AD,ALPHA, X,Y, H TO BE NFf1P'2+2.
c THE ARRYS DES, GRID, Aliri UT tTJST DINENSIO0NED
C 16 (NMAX14/2+2)

NFf'IA%I 28
100 CONTINUE

JTYPE -S

C PROGRAM INPUT SECTION4'I URITE(5.439J)
4398 FORhMAT(' ENTER FILTER LENGTH;TYPE OF FILTER:1'fIULTIPLE')

LIRITE(5,439?)
439?' FORrt4T(' PASSBI4ND/STOPBRI1D.,2=DIFFERENiTIRTOP,3=HilLBERT-)

WRITE(5..4396)
4396 FOPr1IT(' TRAHNSFOPM FILTER;NUIER OF BANDS, AND GRID DENSIY')

RED(c44)N LJYE BNS G DRO
READ (5,~T444) t'ITJYEtBl-D-GI

c F(NtiD.LEG.I,' ADSIIT. AL RO

c GRID DENSITY IS ASSUMIED TO BE 16 UN4LESS SPECIFIED
c oTrHERIJISE

ir(LGRID.LE.O) LGRID=16

W.R ITE (5,4388)
438 FOR[IqT( ENTER BfiI1DEDGES(FLOATING POINT) '

READ (5,3333) (EDGE(J),J~I,JB)
LIRITE(5,4397)

438? FORNAT(' ENTER DESIRED FUNCTION FOR EACH BAND)
READ (5-3333) (FX(J).J~1NRDS,)II2PITE(5 .4386)

4366 FORMA~T(' ENTER WEIGHT FUeiCrIflN IN EACH SAND)
READ (5.3333) (lJT(J),Jrl-lIDS)

3 33 FOP[ .T(2'F 10. 2)
WR ITE (5.4444) t4FILT.JTYPE. '4B;DS. LGR ID
LJRiTE(5..3333) (ED-E(J).J=1..JB)
LJP ITE (5.3733) (FX(J), J = , t~lflDS)
WJRITE(5.333" (UTX (J) , i = .HEANDS)

IF(JT'JFE.E0.0) CA.LL EPFR'DR

Programn ASKFIR
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IFf JT,'PE.EO.. 1) llEG=0

M'OPDD=NF ILT--2* NODD
1NFCNS~llFILT/12
IFUIODD.EC'. I .ANDA.EG.EO.L-) 1{FCfS=NFCIIS+I

C
C SET UP THeE DEMSE GRID. TXF IJUfSER OF POINTrS IN THE GRID
C IS (FILTER LENGTH +- l)'1RID DENlSIThY2
C

DELF=LGR ID-*IIECN3
DELF=.5/DELF
IF (N'EG.EQ.O) GO TO 135
fF (EDGE(I).LT.DELF) GRID(I)DELF

135 CONTII LJE
J-1
L-!ILMIND= I

140 FUP=EDGECL+I)
145 TrlP=GRID(J)

CIC CALCULATE THE DESIRED MAGNITUDE RESPONSE ANDi THE tJEIGrT
C FUNCTIO~i OF THE GRID

DES (J) vEFF (TEMiP, FX, WTX LBANI, JTYPE)
LIT(J) 1JATE(TEM1P. FX.UTX, LE-)qND, JTYPE)
JaJ+1
GRI 1) TENP1 +DFLF i
IF(GPID(J).GT.FUP) GO T6 15o
GO TO 145I150 GR I D(J-1) =FlUP
DES 0- 1) =EFF (FUIP. FX,. tJTX. LBRIMP, JTYPE)

L~flDrLB~1flD+I

W.RITE(5.IOO)
IJRITE(5.2765)

2765 FORliRT(' HEPE IF- GO lGRIN')
A IF(LE)AND.T.HBNDS) GO TO 160

GR!ID(M =EDGE.(L)
GO TO 140

160 MGRID=J-1
IF(IMEG.ME.NODD) GO TO 165
IF (GPID(r;GRID).G'. (0.5-I--LF)) NGRIDMHGRiD-1

165 CONITINUE

* C SET UP A NEWJ APPFO -!rlrTIlCj PROELEt1 LD-IICH IS EQUIVAlLENT
Q TO THIE ORJI]U.iL PROELEM
C

CFNEG) 170-17-0,D1))
170 IF (MUDD.EO.I1) GO TO 200)

DO 175 J=I.NfRID

Progar AS1KFIP



-11J) ES (j)/C E
173 tjT J) =t~ 1) 1CHlR!PE

GO TO O
18 QIF C~Ql.O1) GO TO 190

Go T'j zrla
1$5 Ij,T( 1) =b.IT() iCHANGE
190 DO ID3 1NGD

C8A',GEtlDSltl(P12,fGRID Q))
DES( U) -PES Q) /CHANGE

c
195 t1TCJ) =tJTWJ*CHANGE,

c INITIAL GULESS FOR THE EXTRENAL FREOUENCIES--EOUALLY
CSPA~CED ALONG THE GRID

c
20c) TU',-P= FLOAT QlGRI D-I) /FLOAT(NFC11S)

DO 2103 J-1F~CHIS
210 IEXT(J)C-J-I)*TEr?::+I

IEXf(NFCtlS-P) sNGR II
NMIr tll ~ IS- I

c CALL THE PEIIEZ EXCHANGE PLGORITHN TO DO THE APPROXIrIqTION 1
CALL PENEZ (EDGE.NOAflDS)

1 ClE I FORri.T(V HERE bEF GO')

C CALCULA TE THE IM1PULSE RESPONSE

30 X(J) =0. 5,, LPH~l(flZ-J)

3 HP( 1) =0.LPH (2),LH~ WC

35H(JO=.25 (ALPHA VJZ-J)I+ALPHA(W CNS+-J))

DO 325 J=3-NfiI

325 H(J) -Zl. -A 'LP HA fN 3-)



C POPe:1 OUTPUT SECTION

350 WRITE (6,.360Y
360 F0RfIM T(I1. OCH:),2X FINITE IMPULSE RESPONSE (FIR),/

125Y,' LINIEAR PHASE DIGITAL FILT'ER DESIGN'/
225X,' PErE-: E>%CHAiGE riLGOFITHiI'/)
IF(JTYPE.EQ.1) WRITE (6,365)

365 FO~r'nr(2.5X. BANtDPASS FILTER"-)
IF(JTYPE.EQ.2) WRIT'E (6.370)

3i'0 FORii~1T(25X- DIFFEPEIT~TATOR/)
IF(JTYFPE.EQ.3) WRITE (6,375)

35FOF'mTC25X,' HILBE.?T TRANSFOPrER)
WRITE (6,.378) NF1LT

3 79 FORrRlT(15.' FILTER LENGTH =',13/)
WRITE (6.300) 3

380 FOPNlT(I5s' , f IMPULSE RESPONISE *t*

DO 3-31 J"I,HFCHS
K=NFILT+1-J
IF(f;EG.Ea7.0) WRITE (63:J.H(J).K
IF(HEG.EO.1) WRITE (6,383) J,H(J),K

391 COtlTIOLIE
323 FORPIT(20'e, H('.13,') - 'E15.8,' ' 14,1j<

UIfrEG.EJ. 1.AND.tlODD.EO. I) WRITE (6,.384) IIZ
38~4 r':Pl'ilT(20X. 'H(', 13,')= .*

DO' 430 K~1,Nf48AHDS,.4
KUP=l,+3

IF (EU'. GT. tIBfNDS_-) KLIP=H0AlDS

WRITE (6,385) (J,J=.KUP)

V'R11. (6.390) (EDGE (2d-J- 1) .J=K.KUP)I
390 FORIII -iX' LOWER @ANlD EDGE.,5FI5.9)

LIRITE(6,395) (EDtGS-(24'J) .J~I8UP)
395 F02R1MATQX.' UPPER BANhD EDGE.,5F15.9)

IFrJTryPE.HlE.2) WRITE (6,400) (FX(J).J=K.UP)
'190 FORNtlTr.2,"' DESIRED VALUE' .2>15F15.9)

IF(JTYPE.EQ.2) WR~ITE (6-435) (Ff-(J).JK.KUP)
4 05 FCf'iW-T(2X.-' DESIRCID SLOPE,2X,9F 15.9)

WR~ITE (6,.410) (UT>X(J) .J=K,KKIJP)
41 F FORr1ATCX, ' WEIGHTING'6",5F15.9)

DO 429J JnrKAKUP

bJRITE(6,42~5) (D'VlcflT(J).J=K.KUP)
'125 FORIi'7X. * DEVlI TI ON .6>'-5F 15.9)

IF(JTYPE~hlE.I) GOi TO 450
riO 4.-0 JrK.l k

40 DEVIAT(J)=20.0 -lL.GOG 'vIATcJ))
Lr--TTF (6,435) (DEVIAT(J),JnK,KLIP)

45FO~r~(~. DEvrn1fTION IN DB*%5FI5.9)

Program ASKFIR



450 CONITItLIE
V,I' TE (6,455) .P. (EY ,.J ,=I IZ

455 F.MT(/2'. EXTPEMAL FREUaC lg"s/(2X. 5F 12.7) )
,;rE(6,460)

458P F ::,-;,AT (/I X, 70O(1H'Ir) /IH] I

C IF(IFILT.iE.8) GO TO 100
STOP

El!D
C

FUNCTION EFF (TEMP, FX, urX, LE.ND, JTYPE)
C
r, FUNCTION TO CALCULATE THE DESIRED MqGNITUDE RESPOrISE
C AS A FUNCTION OF FREOUENCY.
C

DIMEISION FX(5),4)TX(5)
IF(JIl1PE.EO,2) GO TO I
EFF)FX(LBAtD)
RETLU1I1

I EFF -FX(L8ANID) *TEMP
RE TURN
END

C
C

FUNCTI ON' WATE (TEN?,r~ FY, tWTX, LBA."I , J TYPE)
C
C FUNCTION TO CALCULATE THE WEIGHT FUNCTION AS A
C FUNCTION OF FREOUEUCY,.

C

DIENSION FX()otJTX(5)
IF(JTYPEEL.2) GO TO I
bJATEJT<(LBA'D)
RFTUR/I

IIF(FX(LbfAMD),LT.0.0O1) GO TO.2
b. IE 't.I'X(LB~lt /TEINP

RE TURII
2 WA TE --WTX (LBAND)

RETUR I
END

C
C
C

SUBROUTINE EPROR
WRITE (G-1)

I FoPrICT( , EPROR IN ItIPUT DATA * ,,,)
STOP
END

C
C
C

SUBROUTINE REMIEZ (EDGE. MlAI DS)
C
c

conmi~ P2.fD.rEVPXY,GRIDDES, ,rT LPHaI, IEAT, NFCN, NRID

Pr:ogram ASKFER
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DIiNI0~in DE5)(Il45.GP1D~lr45)UT,'1045)

DOUBLE PREC IS IC14 RD.DEV, X.Y

DEVL=- I .0
t4z =IIFcNS+1
M RI TE.5. 222)

222 FOP - 1-I(* STARTING REMEV')
NZZ--.NFCflS+2
NITER"'O

108 CONTINUE
I1EXM(NZ) 4IGR ir+i
MITER -4TER+ I
IF(ITER.GT. ITFMRPIX) GO TO 400

DO 110 J=1.lIZ

DFEl1P-DCOS (D'Etrp ',P 12)
110 X(J) -DTEMP

JET(FCAS-1) )/15+1
DO 120 Ju1..tZ

120 AD(M =D (J. NZJET)

DDElI=O.0

DO 130i J1I,MZ

DIELVlPvr4D(J)*DI)-'(L)I
DNLr1=I;Utl4*tITEH?

DDEH= DDEtl+DTEMi?
130 K--K

DEV=DIHUP1'DDEN

I F (IEV. GT. 0. 0) N'J=-1
DEV=-HU-,DEV
K=MU
DO 140 J=1.tlZ
L = IEXrT(J)
PTEN' KfDEV'TrL)
Y(J) =DES (L? +DTEri,-

140 K=-K
L rRTE (5 1 79)

799 FORN-T(' REIEZ CHECKPOINT 2')

IF(DEV.GE.DEVL) GO TO 150
CALL OUCH
GO TO 400

150 DEVL DIV
J C HNGE = 0

K Prograut ASKFIR
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rUL':J=O

c SEAPCH FOR~ IE EXTRErlqL FRECUENI~CES OF THE PEST
c AM*IITO
C

200 IF(J.EOJfIZZ) YN7 COMP
IF(J.GEf.ZZ) GO TO 300
KUP = I ET(W3+ I
L =I EXT M)+ I
NUT=-HUT
IF(J.EO..2) Y1=COMP
COr1P.-I'V
IF(LGE.KUP) GO TO 220

L'SN ITE(5, 596)
596 FORMAPTC LIE GOT T0 HERE')

ERR =GEE (L. NZ)
EFrR--(EPR-DES(M)T*UT(L)
DTEt1u1?IIUT*vERR-COt IP
R I TE (5,88) ERR, ES , TM.COtI~, 1TEiP, MUT, G F MNZ)

IF(DTENP.LE.0.0) GO TO 220

210 L=L+l
IF(L.GE.KUP) CO TO 215
ERR -GEE (L, tli)
FRF> (EPP-DES(LM )*LIT (L)
DTErIP =NUT-if-PR -COflP
IF(DTEiIP.LE.0.O) GO TO 215
COMP -UT fERR
GO TO 210

215 IUXT(J)=L-1
3-3J+1
I(LOtJ=L-1

JCHIIGE-JrHHiGE+ 1

j220 L=L-1
WRITE(5..789)

789 FORPIiTV P.E1EZ CHECKPOINT 3')
225 L=L-1

IF(L.L.E.KLOY) GO TO 250
WI TE (5, 75)

53FO0RH.MT' JUN? TO GEE')
ERR=GEE(LIlZ)

JR I TE (5, 6432)
6432 FORH.IT( CO,".; BACVK FrOi GEE')

t ~ ERP=ERR-DES(L))fLTCL)
DTEi1P=NUT*ERFK-C0iiP
IF(DTEt1?.GT.O.0) GO TO 230
IF(JCHfl!GE.LE.0) GO T0*225

230 CONP?=IUT'tER

Prog~rama ASNPIR
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9'.F ii-TC P.Er1E~f CHECK:POINTf ".2')

!rr(.LEAf:LJJ) GO TO 240I

IF(DTEr1?.LT .3.0) GO TO 240

COMP1=tUTi"IP
GO TO 235

240 KL9)U=TEXT(J)

J=J+j
JCHt!GEuJVt!lGE+ 1
CO T9 200

25F) LwIEXTCJ)+1

IF(JC~IflGE.GT.0) GO TO 215
255 L-L+I

WF(LGE.KUP) GO TO 260
EPPr.GEE (L41lZ)
EPP- (ERIR-DES(L) )*LJT(L)

* DTEi~l0 HJTl:R-lCO1P
IF(iPThiP.LE.0.0) GO TO 225

J GO TO 210
260 X<LQWi I EXT Q)

IGO TO 200

ROi IF(J. GT. HIM GO TO 320J
IFCI.GT.IEXTr(1)) KI=IEXT(1)

HUT I =UilJT
UJRITE (5.432)

43 2 FOlilll(' REI1EZ CHECKPO!llIT 3.5')
tlUT=- flU

L -0

310 =l

ERF?=(EPR DS( ),XL
DTEtP--i ;tT47 RR-COr1?
IFU'tTEUP.LE.O.0) GO TO 310

CO-fli1 T;Ec

GO TO 210
315 L U CK :-

GO TO 325
320 IF (LUCK~.GT.9 t TO 350

IFCC G'. Y 1) Y I C,or IP
K I = I ET!ii

325 L =t:GP ID+ 1

Program ASKFIR
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cot -yl t.1

330 L=L-1
1F(LLE.~Y!C) 9 TO 3 40

EPR rG EE (L.-tI
EEE~-ES(W ),rUT(L)

DlEll' U. UT* ER P -C 0 11
lFtVTr-:.-.LE.0.C) ,0 TO 330

COt1P-MIUTl- :RR
LUCK-LUCK+10
GO TO 235

340 IF(LUCrK.E0.6) GO TO 370
345 IE.'TQ-1ZZ-J)=1EXT(t4Z-J)

GO TO 1001350 KV 1 EXT 11 IZZ)
I DO '3 - JzhIFCNS

360 IE TU)IEXT(J+1)

9F37 FURtMT( REMEZ CHECKPOINIT 4')
GO T'o 100

c7 APPXliTO USNa 1E IVES DISCRETEI ~FOURJIER TRAN'SFOR11

IMI1 =IFCHS- 1
I FSHU 1. DE-06

GTEH? PG-&ID (1)
I X(1123=-2.0

DELFI 1. 0/Ctl

IF(EDCE(1).EQ..0.0AIID.EDGE(24" fEtD) .EQ.8.5) KKK~
IF(NtCCflS.LE.3) lI-'KK~
JF(KKK.EO.1) GO TO 405
DTE?4)=rCOS(PI2FGRPC 1))

DPIJl=DC05(Pl1, GRlDM~GRID))

495 CONT"I'A
DO 430 J=1.tfFCNS
FT (rLrJATW- P )"DELF

XT =(07- BS) /11!

Progra SKI



4 FT-.5
410 XE- "-L)

1F:',.E-T.LT.FSW GO TO 415
L tL+,'

GO TO 410
41 r J) --Y(M

Cl) TO 41
420 1F((4XEP).LT.FSH) GO TO 415

GFID(1)=FT

425 CONTIN]UE
IF(L.Gr.1) L=L-1

GR I D(1) -GTErP
DDEN -P I 2/Cl
DO 5101 JmI.fIS
DTCE mr, -0
DNL';i (FLOT(J- !))'DDEtl
IF0,I11hI.LT.1) GO TO 505

DO 500 K-1,MI'l1
5 0 E D I ErIP .zrEMP +A~ 1'+ 1 ) !:DCOS (DNUt'K)
505 DrEP:2.O0,vJTEr?,F+A( I
510 ALPHA, M)=DTEr1?

DO 550 J-2,IIFCNS
550 Al. P1 II (J) -23fALPIA( M1)INl

W~ 1) =ALPH ( 1) /CN
1F(fKNF'.E0. I) GO TO 545

DO 5210 K=1.Jll
IF(.)Ttll GO T(51

13O1 55Koirii
515 P(F)NT I (K+FNUE+1

DO 520 Kr3.JP

53 O(K) =P (K)

5 20 PC)OU2T0IUUE ,A(K

DO 525 J1.\-.l;3

525rmASU



54 3crJNINUE

IF'aF-Cl;3.GT.3) PETURN!
bTITE(5-765)

765 FOPi,1AT(' PEflEZ CHECKPOINT 5')
AL PHA 1FC! r;+ I) =0. 0
ALPHA (N!!3+2) =0. 0
U I TE (5.556)

56 F0RFH M' LEAVING REIIEZ')
RETUPM
END

C
C

DOUBLE PREC IS ION FUNCTION D(KN. M)
C
C FUMCritiO To CALCULATE THE LAGRANGE INTERPOLATION COEFFICIENTS
C FOR USE INI THE FUNCTION GEE.
C

COMM~ON P12,. DDEV, X, YGR IDDES.. JT, ILPHP.IEXT, NFCNiSPNGFZID
DIMEN1SION IET6)A 6) LHA(f)XE6,(6

*DIrlE11SION DE3 (1O45),GRlDC1O-45),IJTC1O45)
DOUBLE PRECISIONi ADIPEV.XY
DOUBLE PRECISION 0
DOUBLE PRECISION P12
D-1.0

DO 3 L=1IM
DO 2 J=L,11.t1
IF(Q-XCJ) 1 2.

2 CONlTIlUE
3 CONITINUJE

D = .O/D
RETURNI
END

C
DOUBLE PRECISION FUNCTION GEE(Ktl)

C

cr'tioN r 12.. AD. D'EV, X, Y. GP I D.- DES. Aj.tLPHA1, IE>qT, NFCHS.NGRID

DINION DES( 1045) .GPI,'(ll-15),UT( 1O43)
DO-1.17LE PRECISIONl P.C.D.XF
DO-,*-'E PR.ECISION P12
DO!!3l-E PPECiot ISIN D1 17EV, X.Y
F=O.o

XF =DCOS (P 12 iXE)

DO 12 =.

Program ASIR



.6o

C IJRITE (5.6666) XF'.X(J)
IF (C) 4,12,4

4 CONTINUE
C66S6 FORNAT(2Fl0.5)

~C=AD (J) fC

D-D+C
I P=P+C-Y(J)

12. CONTINUE
IF(D) 33.66,33

33 CONTINUE
U.EE =P/D
GO TO 77

66 CONTINUE
GEE=.5

7 CONTINUE

RETURN
END~c/

SUBROUTINE OUCH
1RI TE (6, llI)

111 FOPIqT( *'t:.r.-''*FRI .URE TO CONVERGE....,;',*')
C V" PROMBQLE CAUSE IS iqCHINE ROUNDING ERROR',
" C 2" THE IMPULSE PESPONSE NlrY BE CORRECT',

C 3' CHECK WITH A FREQUENCY RESPONSE')
RETURN h
END

II

Program ASKFIR
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APPENDIX E

Program Listing: DELAY13.FTN

This is a sample of a variable time delay filter. It has unity gain

for all frequencies (up to frequencies near the sample frequency) and has

a time delay which is progressively less for higher frequencies. It runs

in an interactive mode on the pdp 11/45.

iI
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-W-W~I~-PLUS V02-5 11:32:19t 22-APP-78 PA1GE I
'CY1 3. F TN /TR : 8 LO0CK SIV.'-

c THIS POCJvl=1Q'HT!E AND 'L'B

C LESS FC-' H'9 fWECE. TE~ IS
L TO P.;!7V1D2 n LU-6i ' TVZ1 1~~ CONTROL.

0 2 [WRlTE(5,-O)
0. ~80 FOPIJRT(*Z Et;TEP TIMlE IrELAY TJLTIP:72-FLT.PT. -

F.'04 PEAD (5,81) FPEQ
5 81 FORI1.-T(F:D.?)

IFREQ=FREO
c
C READ IN SA11PLE PEPIO) III MILLISCD

WR~ITE (5.:3)
0~M 30 FORI1AT(", EfITEP V~f"LE PERIOD 1I~ t'l-LISECO1DS-INTEGER 0)

READ (5,31)P IP E:2)

El 31 FORIIR (16)

c INIIRALIZE FILTER'

c EoPEiil-'-

C DE S I C.,'~C~ E FOP :-o3TEL 256

IiDES Ilr,,.T E rC-l 1cP FOR LPS1II FLAG SET

09 14 1 -F N w7

c PUT [.PSII1~l ~T~ III HILLPT"CC SlrU2LItNG [IDE
e-015 IRATE(1)z?

C iNITIRTE S31CHc'clY3 '1L!NG

CCI ? 1'

C1 10 CFPL U-t- f(~~
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PE:_qY13. FTt: /R LI-

C SCALEN It 'U'

C

-25 c lF= ~ -

C029 DT!,i,,
cl _,OIDELq.Y=IFPE£nYIDELPY

001.31 IF(IDELAY.L.T.2) GO TO 9977
0-032DO ?977 I=1,IDELAY

'.'E133 BLAFR=I.

C WP~STE= '

00 24 99,7,1 cOjHT;" -I
C CA~LL LPSII LE:D DISP~LAY ROUTIME

CALL LEDr"(r:TA

C CPLL POUTINE TO OUTPUT RESLULT TO DATEL 256
COLL Ih~(1~~.IPR

C cADJUiST PO!t1T__ IPS11
c :) C(.r,0, P" -- ~: FCR NEe-T SP :PLE

.0 7 11 DjLF.

C
c :'c Yr.'f*EG!STZR FOP PrPOFPEf 1/
C FIT 'j-7, T ! i'" IF 51iHTU3 HOT r£0PF1R.=CT-7

IF (T 11D-:. GT.) IHID5
140IF (T12(2) .C. 1) 113 10 ~
141IF -,C1JE.)G 0 S

A.?2 GO TOI) n
13 95 COII B

C

I F r7- PP3E3?IMN SrAh'".? C!, WAJY OUT

-- ~ 195 CONTINUE

PI'l13tRRM SECTICHI
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-ORTRA IV-PLUS V02-51 11:32:49 20-PP-78 PAGE 3
£ E-LAY 13. FTN /TR: EtOCKS/LI

NAME SIZE ATTRIBUTES

SCODEI 000716 231 RWIC0NLCLI
$PDATA 000020 B RW, D, CMI, LCL
$-IDPTA 000226 75 RU.DC0tiLCL

j VARFS 000076 31 RW',:-.COIN, LCL.
SrErlS 00002 1 RTWD, CO? I. LCL

TOTA.L SPnCE IPLLOCPTEED =001264 4

DELAY I =!)ELA,)i3



APPENDIX F

Program Listings: BAD.FTN, BAND.FrN, NINE9.FTN, DIFF32.FTN

These programs all execute FIR filters on the pdp 11145.1
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-;TRRN IV-PLUS %,72-71 11:11:;35 28- -,R-78 PAGE I
SAD. FTH /TH:ELOCK- -P,

C
c THIS Pr'OGRAU ThHSIE AND EPE
C LIHEAR PHASE FINITE IMPULSE RESPC''E77_ FILTER
C WIT'-!~E~cvT GENEr 'TEI) U.'51";G 70.L_ M~IZ

C IT IS A SPECIAL tlODIFICATION OF EP'SY.FTN

C FOR THE CASES WHERE N=AH ODD IHTEGER
C

C SET ORD~ER OF FILTER (CANl BE EVEN M ODD AMD EOUAL
C TO tlU[E:ER OF H COEFFICIENTS

COC2 M=~9
C
C
C INITIPLIZE DATA MATRIX FOR FILTER

C 13DO24 1(I = 1,41
3 0D 4T I(I =!

E -05 299 CONI IIILE
C
C SET H CEE2FTCIENT-E

M07 H(2)~- 2,,! ~1 D~56
0:- 0 8H (3)=- 53';41,702,

600)9 HC41=._-*2L2S8Ed2

C
C f
C INIITIALMlE LABOLRATORY PE? liPH-EflL SYSTEl",

.30l I CALL. ASLSLNJ (1, 1,8)

C DESIGHATE OUTPUT rfC CH, HEIL FOR D TEL 256

C DES IGI11 TE [:'UGS SCR FOR LPSII Ft.PG '_T
I 213IEF1--

C SPECIFY~ 1 ilE 0 1LEEll Sli'iPLES IN M1ILLISECONDlS

C PUT LF _-ll FT- ITDTIlE Iii tllLLlS'7CC 'D SIPLINS i'%CDE
C915 I R FT,:k 2

C CALCLIiTE -l ~!Ev;N )DC
5T=FL,:T(IF':'TE2~_"'t ']'2.

C

A;
I -



'TA Y~i-F'L,- 8-PPP-7-' PAGE 2

D. FTH r~

C !IM!IT I TE O 3U
.1117 90 C:.1LL i.( .6,,'~a.IHO ISW53

?.018 If1DX=T-

S IGti~ I CUF I NDX)

C SCALE IN VOLTS
0~22 Y ( I1c1OO. 0CS I G /2 4?, 1 e 0

c
C 8tEGItl FILlER ROUTINE

0-023 DO 544 I=I1W-l

2~25 544 CONlTINUE
C

'026 SUM=0.O
C32? DO 20 I=I,tl/2

0 2 9 sul1~sull +TEpr1
D:5 20 COI!TI.IUE

"32 SUI l=SIY i-TEI~Il
4133IDATA=S.UfI

c CALL LPS11 LED DISPLAl ' lN
2Y4 CALL LED(11-rTfl)

C
C CiPLL POUTP!E; TO OUTPV -$LL TO DnTEL 2S

CALL IDAk CHDqT,,--;
C
C ADJUST POI'IEIRS FOP L.'-
C MID CLEAR IF MEPE NEXT EP"FLE

CALL. fADJ L[> 'IF ,

1

*C CHECK STOTUS REGISTL2, T-.- PER I/O
C AND TEFFtW,,-ZTE IF STT~ TCORECT

A338 ~IF ( I~Ir>lGT.s6itt:
~139IF (I5ES(2).:E.1) GO T-
~Y)4OIF (ISES(1)JE-0) GO
~YJ41GO TO 10I C)-2 95 CONT1INUE

* C

C IF PROSMI~f CPA$HES C" TUS ON tL',Y OUT

-4



.2TPA N IV-PLUS V02-51 11:11:36 2P-nPR-78 PAGE 3

IAD.FTN /TR:IBLOCKC'E

WRITE (5,200) IS0(I), ISq(2), Ii.Tfl, !BUF(INDX)
' 14 200 FORMAT(4112)

A.45 195 CONTINUE
:)46 END

PROGRAM SECTIONS

HArE SIZE R-TRIUTES

XCODE1 000732 237 RU. ICONLZL
SPDATA 000044 18 RW, D,CC1";,.._L
$1DqT'A 000060 24 RW, D,CO;,A. ;L
WViRS 000630 204 RUJ.DCOWL;'
STEMPS 000002 1 PU. . -

TOTAL SPACE ALLOCATED 0 01710 484

,FBp9 :p.AD

120
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jQ-TRRN IV-PLUS \102-51 11:14:24 2?-APR-70 PRGE I
,;-lD. FTM /Tr: BLOCKS/LrR

C
C THIS PROGRAHf SYNTHESIZES AM1D EX-ECUTES$
C LINEAPR Pr :S3E rINIT-E It1LILSE RESrmJ$5 F
C WITH COEFFICIENITS GiEIECTED USIflS THE F:c>f
C Ee'lHAHiGE riLGOR.IHI.
C
C

STO I1Ur1ER Or' H COEFFICIEflTS
2 M=32

29 SEITiORDE OFT FILTRI OR, FI:ER~1~pE

c SET H COEFFICIEHTS
H(2)=-O.5T521E-03
H(3'=Ol 90ff54I?-E02

H 0 . E 1 2 1 -0

2H(9) -1 :V9 4J2 6.E01 1i

3H(8)=.ll3E0

H(I4) v- . 12' C10

H(I'3)=C.-419l-,[ GO
C III!TIci~Ll-lE L1 13OFt 'i OVY PER IPHERAL SYST--=i

CA~LL ASLS0[ (1.ISB)

C EIGZT 0UPU ~ihC4 '1EL FOR DTTLC Z7 2

C DES!GtITE REGISTER FOR LPS11 FLAG~ S.T
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-?,TRAN iV-PLUS V"2-51 11:14:24 20-PR-7S MM& 2
~JD.~fl TR: SLOCK'3/UR

-,26 IRATE( 1)=2

C CALCULRTC SWr1E !WVLIN SEC,',t:C-.r
-,32 7 ST=FLOjAT(IRATE(2))/100.

C
C
C IIIT YIHO113S~LH

rC2 INITCALL TSNICH~IHU AMPINGYi2:
9C CL T(SF60IAF.EI~~,:3

p19INX
-<0,2 10 CAL D JX IFRIE

11 15 CALL CLREF(IEFfl)
<,Z 2 SIGMAIIEUF IND)

C SCALE IN VOLTS

C BEGIN ILE ROUITINE
?,*34 DO 544 .I-
.:135 YIL~:

%I6 5.14 C1ONTiNUE
C

DO 20 I=I

SUri=Kli I+TFP
--41 20 CONTTT 11

C CALL LPSIl LED DISFI.AY ROUTINE
£43 CALL LEr.I1DiTA)

C
C CnLL ROLITIN TO OUTPUT RESULT TO I7L256

-2:44 CALL IDflC(ICHA:,lDnTA)
C
C ADJUST POAI I IE P F 0f L P'- II
C AND CLEAR H(ALF BUFFE.R FUR NEXT SA.-I'LE

5CALL 'L~IU4
C

1 DI

C
C CHECK £WTThS- REGlS-.$ '70P MROHER 1I1C
c AND TEF'1lI/,TE IF STHJLP: NiOll COFR,"'CT

IF (INL.GT,. 6) 1t;r::=s

I F (F:'GE. I) GO TOl 10

IF (1SBM1).0).U Gf TOi 95



Mi-01= -

II

FORTRRN IV-PL:'V ,-,2-51 11:14:24 2P-ACE-8 pR3EBqMD. FTN • ,. ,.,.,,

i 0 10
, "I 95 ,-_ IU

c T POGRAPI CHn',IIFr PRINT STATUS Om -.--!Y OUTS0 'If (5,200) I), ISE(2), IDATRA, IUF(INDX)

6.,34 195 , JIfUE
'1355

,.0lGRAM SECTIO'",

NAME S IZ- ATTRIBUTES

;COPE1 001046 '(5 P., I,CONLCL
fTh 831211 IP..WD, CON, LCLIUDRT 000I60 PU, ), CON!.LCL

5VARPS d 000 ,0 cr"3 ) , D, CC !l LCI_

El LOS 000002 D,Cf. LCL

,'AL SPACE r . . 0021; ell4

"'D =8ND

12!i
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FCPT' 'V-t'LUS VE92-51 1 :71: so 2f"-9F-73 PAEI

",DOI DIM1ENSION IBIJF(S). I!?rT E(2X. ISc',(.),H(30),Y(6S)

c THIS PROGRAM1 SYN~THESIZES AND :LUE
C L1Z1EA? PHASE FINITE ItPULSE P PI FILTER

W LITH COEFFICIENATS IE!7'TrEDff IJ1 GH REVITZ
c EXCHA!;GE A~LGORITHM1.

C IT IS A SPTXf MO0DIFICATION OF 3.h
C FOR THE cU:: 7 1S fl-A ODD T2

C SET ORDER OF FILTER (CAN BE EVEIN C) ODD flND EQURL
c TO H4U11BER OF H COEFFICIEN1TSp

00 INt~IT1ILIZE P'-MAT 1TRIX FOR FILTEP

ZlSob 299 CONTIllVJE

c SET H P~ iiT

OC1O~~~ H(5)=.2:L?

I ~c fhTrTEL'TT PEPS!PH77L i&E

C O!G U' DAC "iMThEL FCR T& 25S
C H:

033 :.; LP1F'K E

c

,014 WIRITE (5.-80)
CO 15 ~ OFCRll"T(' CUTOFF FREO. IS 0.25 7::'-Z- L FPEr). '

LJR!TZ (59o. f
0011S FC2l'!l('-l:Y (I:TER Sf~tzLE P r .E,00C'3 INTEGER: 1)

82 F;'('r tlA

c P,"T Lr%1l fT_ R(,UTi':E VI PlILLICEEr-' SPm ING NIODE
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rURfR~l IY-PLLUi ',Z--1:72:7-1 20-P77-72 pc,2 2
N IHE9. FTPIOKSN

C
C CP f'LATE SAMPFLE 7~Lit SEclO-NC7.DS

C 1I':-IITE SYNCh"RONOIJS SAMP~LING
0022 .90 C! 'L RTS(ICUF,6,0. IRATE, IEFI.0,1 S3)

.10231!-*'=5It '024 1 P- AT~ FI

c SCaL-E INVh T

c CECEIN FILTER ROUTINIE
-J23 PD 544 I=I..II-1

C31_I30 544 C 01; TiIIrUE

cI
t, L.

.32i L)0 I

.1333 IT' -:I .1(T III

£ CPLL Lr';fl LED DISPLAY ROUTIHE

c CflLL F M.117 TO OUTPUIT RESULT TO DPTEL 25G

CPL

c Al nJU L !UTE~' F OP LFPS ' I
c P- HPlLF F0Rfl.:7, SAT,-::L F

0141 -

c C,
c N,..- i- 'XS :o0T cor-FECT

--143 IF (- f'. GT. 6) It4D.=5
.Th~4IF (?.I .)GO TO 10

45 ~IF (IS!"I0.11E.O) G~O TO 24



IV-PUS V2-5111: 2: prc-

F~i: /Tp;BLOCSAR

6G'~ 10t

2117 95

Ic
c MIT TAU ON tqY OUT

S 195

DPOGP.Ai SECTIONiSI ONitE 1 ZE AT TR IBUTES

C:~E O I 1104 256 PIA, I , C- I, LCLI ;~ ~r~C~)r4 RLJ, D, CCN.. LCLj0l 2, Hj7 GV6 i PW, DC >.7,L.CL
STEPHPS C: D, U2 1Rb.dDCCM.LrA

-01MlL SPFPCF flLLOCRTED 0"? 12A 5"54

12~



~7'TRIpl :-*,PF-LUS 102-51 I 1 33:S I
FTII /TP: BLOC KS/iA7

P 1 3 - -,1 S IB'(6 1RPTEC -,.7 Ts 3--. Xy 619)
C

THIS MPIN1'lTE:a Z~
c LII:[P'; P:qS Flt'TE ifX FILTER
c WIT-:CF'E i ~~~'TI UF, PEtEZ

cEXCHWIGE
C

C SET ORDER OF FILIER (MIUST SE E-- - EOUAL
C TO Wil'1zER OF H COEFFICIE,';Ts

,3002 N=32
C

C IMITI'PLIZE DAiTAl MTRIX Fr-"71--

U00-1 DO 299 1=1,N
W1,35 299 COIITi'-E

* C SET 1-' 1- CIENTSoc ?G .S1*7:11 C-,
P. H 7 -5 45E-- 02

C 03 3 -7-02:

O.122 C.iL G') 3L4

UO 4 1F~
C1' 15 P 1) =O 1 IE fl

L:WI
C~~~~2 Ijl fI Ff 7



It
c CALC,- i : ,'"-; r

C

'1 C BEVY - :

C

15 CALL-

C DC

C

C CNL -;- !:F A ROUIN

C
C - ~ ~ CT U T P E C 2 5' G

C F
iF~~ (07

(W71I RU NX

IF!
----------- ~ - 12~



-0F'?RqN TV-PLUS \'?-L -" 2-P-7 PAGE 3

0050 GO0 TO 10

0051 95 C 0 "IT IU EH

C IF PROGRAM1 CRASHES PRINT STATUS ONU tJY OUT

0053 200 FORriqT("41 12) i
00~54 195 CONlTINUE
0055 END i

PROGRAM SECTIONISI

tW1IE SIZE ATTRIBUTES

$CODEI 001046 275 RLJ,I,COIbLCL
3?DATA 0 0 012'0 40 RW. D -CON, LCL
$IDART1 OOW600 24 RW,D.COiU.LCL
WVres 00@630 204 RLWD, CON, LCL

STEr1PS 000002 1 RU, D.-CONL.CL

TOTA~L SPAICE PLLOCATED =002100 544

:)lFF32=DIFF32
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'APPENDIX G

Program Listings: CASE8.FTN, CASE8F.FTN, HONEYF.FTN, and BUTTER.FN

These programs all execute IIR filters on the pdp 11/45 with coefficients

f rom the MS/FIL program.
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-- TRAN IV-PLU3 Vrt2-51 11:32:12 28-PFP,-7
" ... 8.FTll /TR: LOCV3/.,

C
C THIS PFZ7'F SYi!PEC ... ES AflND EXECUTES
C AMiI'FEII..,- RESPOISE FILTER bITH CCEFFSIEC'-
C GENERATED BY THE ;;,-F' .- THE FILPINS LO' =

C IS FOP THE CASE U- THERE S rW'"Y OIE "';- "-""eSPE
C EIGHT f';D FO'V 7" ... "/_ .

C

C
C N! IS THE NUtl3ER OF RECURS IVE WEIGHTS

S 0 q2 M=8

C
C
c

C IH1TIALIZE DATA rNAIRIX FOR FTLTER
P 003 DO 299 Il,tl

Y( I) =O. 0
005 X( I) =.

•6:;.: 299 COINTIHLBE
C

r.30Z P(1)= 4831
• ,:,t 6H (2) 6- 2 1 -T _3
00 .9 H(3) = 4 25

S310 H(4)=-52.G3?055
H(5)= 3.64'2 9

, C~~~l2 H(6)=- -'.4
0913 H(7)= ,,.-' --'4
,. 1U 4 H (8) = - " -. .5

C

C SET G COrFIC T
83915 G(O)=.,"437 £1
:016 G( )=-

G(2) = .0237J57-1271
=- 0.... 140 J19 G(4)= fl- c.5916(

G (5)=t(7
• .. G (6) =G(7)

C:22 G() "-GI(4i )

C LPITIA'TL C Y PER IPHERAL SYSTEM
0,241 CHLL rfi', LSl-f 1 , !SE')

C

c .....T r'TE CU,,LIT- FOR DiTEL 25S
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TRN TV-PLUS V02-7' 11:311:12 POET

C
C DES J)-'-T: . LPS1I FL$P!. SET

C

C
C - READ IIN S:.i1PLE PERIOD III MILLISECON~DS

j7 0 7,I RITE (5,30)
:D28 30 FORi~rqT('Z-cf1TER SAIPLE PERITOD IN SECOfDS-INTEER '

129 READ (5,31) IRATE(2'
.,-7931 FO~r!ThT (163)

C
C PUT LPS1i IllOU::~T SE-CONDS SAMtPLING 13DE

3 1 IRATE C I-3
C
C

C
90 CALL RTS(1BUF,6,r0.PIFTE. IEF11.0 I. 1 13)

' 34 10 CALL WAITFR(IE!N)
.1"5 15 CAL.L.CLFIfh

C
C SCALE IN :T

X( n_ I ' -Iomg

.; 20 '

345 ri'i (5
C
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*.:CTRAN I1/-PLUS \02-5 1 ':32:12 23-PIPI-70 PAGE 3
E8. FTI 1 /TP: OLOCKF/,27

C-354 DO 544 1=O, M
C355 Y(1+2)=Y(1+1)

Z 3 5? 5 44 COI4T11JE
C
C -CALL LFPS11 LED DlST.AY ROUTW7

~053 CALL L IMPATA)
CP
C CALL ROV T 0 'T' 2' '3JT 7' DTh,-L 256

I~ IDP - .. -1:-

C All' IT Fr-S-R F--'-*PSI I
c W" CL~ r ~ FOr tS%' S3"7 1:

O C

C
C CHECK- Si 2E1/
C pT"I2 'C CPECT

IF (IST

IF 7.~< *r' F, 3

0 ~5 GO T" '0
EIM:: 95 CC:I4T:-1uLE

C I F PrOGRAM CPASHE Fr-INT STflTUS ON WlY OUT
30I7 WITE (5.209) S(2,D~,BU(ItX

elf-I 200 FO:N-nM4I121
1-95 C~IU

~~JD ~ _ -4V3L 36l Rh'. I, CON.L CL
S'i)DATih C90104 3.1W RJD, C OH lLL

0 00iT 1~5U 5j-I2 W, D, CON1,LCL
CML~ OfIE~ 137 RU. D,COII.LCL

TOAL SP'i)CE ALLOCATED '-002372 G 3 -

CASE8=~E
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- 4R1IV-PLUS V02-51 11:13:13 23-APR-78 P AME I
.CqZS:F.FTN _TR:E!CI3/W

DIMENSION ICIuF(6.IRTE(2),IS(2.H(20).Y(20),X(2O.j).Gt20)

C THIS PPOGRAIM S"hTHES',- PND EXZCrIJTES
C Am Iw-iN'm Ill(ULSE FESPO;,SE FILTER WITH COEFFICIENT3
C - EE~.ei)BY T~ H'S lit. P'OLPAil. THE FILTERING LOOP
C 1: F_'! THE CASE ~A2iTEEIS ONLY ONE NON-RECURSIVE
c r',-'!~T) FCO'j2 REYPIE EIGHTS.

C M' IS Nl-'E - O'TSE F RZCIJRSIVE WIEIGHTS
091-2 N-8

C00 IMMTALIZE DATA NATRIX FOR FILTER
C003DO 299 I=lItl

0005 X(I)=O.O
c C, 6 299 COHTIIILE

C SET H COEFFICIENTS

COOS H, 2) =-?4. 070.298

c~io H'4)-52.639,.7I *

CO0I1 H(5)= 3.61521? 4

~02 Hr)-8.449
13 H(-,)= 5M065574

014 H(3)- -.60660OI15
C
C
C SET G CO)EFFIC"~fLiTS

G (0) 0, 141 461

C. 'I G()G-2

C-

C IINITIAL_ U Lf t rT0PY F1Pr SYSTEM
0, 2 CALL ASL:ii ISB)

C DESIGI!ATE OITPJT EA Cf '!E FOR DATEL 256
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JRTRCIN IV-PLUS V02-51 11:13:18 213-_mPP-78 !.,G=
Z'%$ESF. FT14 /TR: SLOCKS/14'R

C
C DESIGNHTE REGISTER FOR LPSII F-l'G SET

'5026 IEFN=7
C

c
C READ IN SPIPLE PERIOD IN INILLISECONDS

002? bPITE (5,30)
0028 30 F0RKAqT('EH1TE2 SAN,1LE PEPIOD IN MILL ISECCNDS-IINTEG2E '
@029 READ (5,31) IRATE(2)
i"030 31 FORPJIRT (16)

C
C PUT LPSI I RTS ROUTINE III MILLISECONDS Sflr1LINS MODE

0031 IRATE(1)'=2
C
C
C
C

C0 32 90 CALL RT3(IESUF6,0, IRATE. IEF?!,,1.ISB)
0033 INDX=5
0-0341 10 CALL tUj~nTFR(IEFN)

C035 15 CALL CLRLF(IEFN)
0036 S..r-z'FU,. 1-I0)00

C

C

0038SUO.

010 40 T ERI I= H( I )*Y I)

C041 SUr1-SU'l +TEJP11

0@42 20 CONTIWE

C04-5 DO 99 1=0.IIN

01047 SrE~u 2T~

C, 01- 8 99 COIITI A
c ,URITE C5,343) SUii. SUNE, ( 1) TERM. ThPMI

c, :3 3 45 FC'rvtT (5F10.3)
r
C S''F7~~' TEP"'S



&"TPPrl T-PLUS V02-51 11: 1313 -~-?Pc3
.:ASE8':.FTNi /TP.:BL.O'-!S/JR

5 4 rO 54' I<j,I

5:6 X( 1+1) 1( )
-. 544 CONTINUE

C
C CALL L PS I I LED D ISPLAY PCUT:;

C058 CALL LED(I1'RTA)
c
C CALL ROUJTINE TO OUTPUT RESULT TO DATEL 2U5,

,005 9 CALL IPAC( ICHAH, IM.tTA)
C
C PDJL'ST POINTERS FOR LPSIl
C PilD Cl-Eq' HfIqF 6BUFFE-F-, FOR NEXT SAMPLE

C0 '.0 CA~LL jjPFt.)

00611 rDXn I I-DN+ I
C
C CHECK(S7 REGICT E.' F0 1-:E 1/0
C AND TEPIIIIIRTE IF S73 NOT COR FLCT

M0L2 IF (INt,',,.GT.6) 3I
"163!F (ISrE(2).GE.I) GO) TO M0

00J64 IF (1$S(1).fE.0' GO TO 95
C?0155 GO TO 10
CZ.6 9w A~11U

C
C '?C: CC r.'~ T'fl I N W. Y OUT

~cl . 200 ~ V i2'
3I9 195 C 0: ITi NUE

Z cl 1 0END

PPOGRAM SECT I Oi!

NAHE IS1s AT71 -,UTEF.

A 000 110 3 RLI. P, CI.LC
D;IATA C%.- O54 ' P!J. I), :ULfCL

L VllS 01 0 r 1.5 1E8* PJ .: 1 L CL

10JTRL SPA1CE ALLIOCATED 002776~ 6139

CC,5E0E F =CRSE!$FF
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cO?TZRN IV-PLUS Vn02-51 I:>~ ~~R PA G F I
-;K'1FYF. F TM /TR: FLO~tS/W4P

c
c THIS PFrOG,,:;:I SYIITHEfF'3J r. MrI EiECUT-ES
c AN INFINITE IrPULSE F$FpolISr FILTEP WITH COJ'FF!c!smTs
C GEt1ER:-ITCD BY THE flqCFIL PR.9GPIi. THE FILTE2RIIMG LOOP
c IS FCR? TXE CAISE WHER-7 THERE IS ONLY ONE NtI'i-RECUPSIVE
C -WEIGHT F11D Fr-UR RECUFFIVE WEIGHTS.
C
c
C N IS THE NUMIBER OF RECURSIVE WEIGHTS

C INITIALIZE DRPTA I1TRI>: FOR FILTER
C003 DO 299 I"l,tI

epos 299 COIITIIILE
c
C SET H COEFFICIENTS

282

'I - 71O

C SET G COEFFICIENT
2011 G=.52271373

C
C I NIT IFL I ZE LAC:F')TORY PER IPHERAL SYSTEM

C12 CALL ASL Ll ( 1 -ISS)

C DESIGNATE C'!TPLUr W~C CHP!INEL FOR DflTEL 251,
00 !3 ICHAIVO0

c 'E 51GN A TE R E GISTE:? FO0P LPS11 F L r o S FT
00 14 IEFtl=?

C READ III SAMIPLE PERIOD iI l1ILLISEC(:iDS

c ~~30 FOrI1TUTEE-: "E EI IN iLIaO S-N fP )
READ (1-7 31) ! iE 2)

c rUT LPSil I 2% !TINE IN SECONDS SAML1 1 *1 0flp
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C
C

0020 90 CALL
C-S21 - 1UVlX='5

0323 15 CPLL r!( rI m
0024

C
C SCALE INl VOLTS

* 0025

C

0026 SUII=0.,o
C07 DO 20 1=1,MN
0028 TEPIlmH( I)*)Y( 1)

£C029 9UrI~Sulrl +'-TERN,
I'M3 20 C~NITIJE
,JO3 I Y( 1) =Sklfi+r,~>

3@32 I )T 'Y 1)T r I1
C SAWV PECUP'SIVE T . T

0033 PO 5414 1=,~-

W035 544 CON'TtUJE
C

C~ ClL ~ LD PTSPLPY P~'-7NE
Ct.36 CAlLL L'- -0)

C CA~LL PCV 'ITTUE Tl' CJ;MTPUT -ESI T TO TPTEL -,5-

O30 7 r.LL 1'*"1JL~rfS(1EL., I':""r

C

C CHECIK S'h,!TiJ F: .Tl *CRF--~
C Wi TEFtll!"!TE k-'~TI~ir t

L~11IF (lC~rED Ti
~fli2IF (Iu().A o i.U 0 95
C~M3 [O TO 10

95--

- Ila



;2SA

C IF PROGPN1 CRASHNES P:",iT STAlTUS ON WA~Y OUT
345 UITE (5.200) I(1,??).DTJEFICX)

1-046 200 Ff0PM MT (',T12)
0047 195 COWNTHUE

PRO(RAt1 SECTIONJS

NHIE SIZE ATTR ISUTES

ZvC0DEl 000740 249 RtIj, I -CON, LCL
0R'005 10 RidECOf, ,LCL

SIDATI 000 146 51 RU, 1, Cl 1,LCL
$VRS 000674 206 R1UJI P. CIq, LCL
ZJcrips. 0000fl2 I Ptd, Th.C CN1LC L

7,T AL SPACE ALLOCATED 002Lr014 5 1: II .HCrlEYFwHONEYF /
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D"TRFS4 IV-P'JS V32-51 ~ I 28: 55 2-P-3PA GE I
-e-f!TER FMh /TR: CL0CK$,'UY

C
C THIS Pi;"GRAM S,,NTHE$SIZES AND EXECUTES
c W1 INFINITE ll!"ULSE RESPONSE FILTER WITH COEFFICIEIrS
C -GENIEATED BY THE- NO.CFIL PROGRAM. THE F1LrEIRING LOS?-)
c IS FOR THE CASE WUX9.'E THEPE 1S ONLY ONE NON-RECURS lYE
C WEIGHT AlD FOUR RECURSI'vE t.EIGHTS.
C

C N IS THE NUMBER OF RECURSIVE WEIGHTS
N=5

C

C INTTIALIZE DATA MA~TRIX FOR FILTER
Du 299 1=1-11

4 I) 0.0
----5 299 CONTINUE

C SET H COEFFICIENTS
HI)=.92476531

~~~ H(2) ?6~2~53

C SET G~ '

C IN IT l.:' 7 PER IPHEM L SYSTEM

COL

C DESIGrJITE ODUTPUT DAC CHANNEL FOR DP.TEL 259-

C DESIGWliTE REGISTER FOR LPSII FLAG SET

C SPECIFY TIME F ETWEEl SPMPFLES 1Hi MILLISECONDS.
5. 1 ~Ri TE (2 =

C PUl LP'2I1 PTS ROUj IrE IN NILLISECOND SPWrPLIMIG MODE

C CA~LCULATE SIR,",LE I NTERVA~L I N SFC~llC?J)5
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Zj.RTPP.H IV-PLL- 1~25 . -?.: Z 2r-PPR-78 P.R E 2 i
UJTTER. F Tf hp '

3,0 18 90 CPLL RTS(iF,* F..0, IRATE, IEFItI,OI, ISO)0
1 019 ID=

£.0 10 C'AL L M"I TF F F.
Z'021 15- C AL-%L C L R E F2

C SCALE INI ',eCZTS

c
C

0024 SL'~izl. 0
L0025 DO 20 1.1'r;

0026 TE5'.1=H( 1):+-Y( 7.

?. 02 7Sf-*Llri +TE- 41
0028 20 CC1-!TlIrUE
(029 Y(')=TEri

000 1 ~Tp 'Y( I)

C SAK ?'.*=EPI
DO 54 ii~ -

C~32 544 Cow':

C

c. CfRI.L POUT11'Z TC OUTPUT FEK2LT TO DATEL 256
035 CPLL ~l(C~I~A

C
C PD ';~T PO~;!E FOP LPS II
C A;. * H' WLF p:FFEPr FCP HlEM' S2:'?LE

0193 f'-' rAJLF's 1 EU.)
C

C-3 fDl

C CHECK STATUS FECISTER FOP PROPER 1/0
C AND) TErrr1BiiArE:: IF STATUS NiOT Cormt'-r.

M03 IF (I?'11)X.GThG1 1r.!Th)l,=

1?039 IF (VE() C.! G~i TO 10
I.i IF ( I S"!' 1 C,.i TO D5

341 GO TO 10
-"42 195 COtiT:-'f

C
C IF PR~~iC~E-~ INT G: T!C itll W 0Y iT
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FC:,TFA;i PV-PLUS V32-51 1 20:55 28-APR-78 PPSE 3
-U I iR.FT /TR:BLOCKS/, .R

043 IRITE (5,200) ISB(!),!.2),IDAT.IDF(INDX)
*044 280 FOR'T(4112)
*245 195 COH I 1I
Q46 END

PROGRAM SECTIOIS

NAME SIZE ATTRIBUTES

:.:ODE1 000716 231 RtJ, I. C!O I. LCL
PDATA 0O850 20 R., D, COH, LCL
.IDATA @00860 24 PW. D .- CC' .LCL
:;V/in 080640 208 R.. T). COl I, LCL
STErIPS 002 1 R.JT'.-,N, LCL

TOTAL SPACE ALLOCATED = 001710 484

.3UTTER =BUTTER
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APPENDIX H

The Datel 256 Driver Program: IDAC.b1AC

The following assembly language program IDAC takes values from the

filter execution progrsms (EASY, JUNK, and NINE) and writes the results to

a digital to analog channel of the Datel 256 system. The call is:tI
CALL IDAC (ICHAN, IDATA)

where ICHAN is the channel number (0 to 15) and IDATA is the integer data

(-2048 to +2048). The channel used now is 0, and the output pins are

12 = high and 11 common. The channel or channels are addressed in the

random mode.
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.TIll-E I DAC
IC:: I sV (R5).R I ;GET RGUMENIT FO? DAC

ttJlva t-20,@#~1E010 ;PUT III RANDOM MODEA
nOV @(R3)+,Q#1699J12 ;SPECIFY CHANINEL I
Mov @(PM)+,o #16OC'41 ;W1 RITE VA.LUE TO DACSTRRT DAC
RTS PC
ENID

Program IDAC
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~VThe original program for the Datel 256 system is shown

here only for the record. In order to do what needed to be done,

the Datel had to be programmed to constantly switch between the

block mode for the synchronous inputs and the register mode for the

asynchronous outputs. For this reason, this plan was abandoned and

the LPSl1 system was used instead. The Datel 256 system is a good

general purpose piece of equipment, but unfortunately, the particular

interface to the pdp 11/45 is not particularly suitable for the

digital filter task. At the time the Datel 256 system was originally

purchased to work with the SE1.810B or the 11P2114B, it could not I

have been foreseen that its use in a closed loop system in conjunc-

tion with the pdp 11/45 would be so difficult. /I

However, since both the Datel 256 system and LPSll system

are available, it appears now that a suitable functional configura-

tion can be obtained by using the LSP11 system with its ADC's and

real-time clock for input, and the pdp 11/45 for processing, and

the Datel 256 system for the DAC output. A signal flowchart of

t-is caofiguration 1s shown in figure 4-1. The 3riginal code written

to drive the Datel 256 system consisting of the following key

instructions:

NOV #2000, Rl Load Da memory start address into
register 1

NOV #, R2 Load word count into register 2

A

i '
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OV #66,@1760010 Put into block mode and load status
register 2

NOV iOOO,@(760016 Put into block mode, and load starting
an~d final addresses

NOV RI, @10760012 Load memory address registers

1OV R2,#760014 Load word count and start block
" conversion
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